Even before the human genome was sequenced, Khoury and Dorman published an editorial in the American Journal of Epidemiology (AJE) calling for a population-based approach to health-related discoveries that stemmed from the Human Genome Project (1). The approach was termed "human genome epidemiology" (HuGE for short) and led to the formation of an informal collaboration (HuGENet) (2) to explore the systematic use of epidemiologic methods to investigate the role of genetic variation in health and disease. That inaugural editorial outlined the goals of human genome epidemiology, which ranged from estimating the population prevalence of gene variants to evaluating genetic tests and services.
In 2000, the AJE proposed a schema for publishing HuGE reviews, which were envisioned as systematic summaries of population-based data on gene-disease associations for use by researchers, health officials, and policymakers (3). Each review would address a particular combination of 1 or more genetic variants and health outcomes, summarizing the available data on genotype prevalence, gene-disease associations, and gene-environment interactions and commenting on its implications for population health. The AJE offered to consider HuGE reviews for publication, and 10 more journals followed suit. From 2000 through 2013, the AJE published 65 HuGE reviews, and 58 more reviews appeared in other journals. Together, these HuGE reviews assessed the relationships of variants of 195 genes with specific outcomes, including inherited disorders (e.g., sickle-cell anemia), common diseases (e.g., coronary artery disease), several cancers, birth defects, and other conditions. The surge in genetic association studies during the last decade has been well documented in online databases, including the HuGE Navigator and the GWAS Catalog, which captures genome-wide association studies (GWAS) (4, 5) . The number of genetic association studies published annually grew from 2,514 in 2001 to 10,940 in 2013 (http://www. hugenavigator.net). From the beginning, it was clear that many reported genetic associations with common diseases were spurious; furthermore, even consistently replicated associations had mostly small effects (6) . Meta-analysis thus emerged as an important tool for assessing gene-disease associations, both for neutralizing reports of spurious associations and for revealing subtle associations. In 2009, HuGENet authors recommended reporting the results of primary genetic association studies in sufficient detail to allow their evaluation for quality and inclusion in systematic reviews (7, 8) . Updated HuGE review guidelines recommended the use of meta-analysis to arrive at summary estimates of association, as well as a heuristic to help gauge their reliability (the "Venice criteria") (9) .
In 2009, Minelli et al. (10) published a systematic review of meta-analyses of published genetic association studies. They found that general methodological problems-such as failure to document search strategy, account for publication bias, or test for heterogeneity-were common, although no more common than among meta-analyses in other fields. However, methodological considerations specific to genetics-such as Hardy-Weinberg equilibrium, genotype frequency, choice of genetic model, and population stratification-were often poorly addressed or completely ignored. The authors concluded with a set of practical recommendations for the conduct and reporting of such meta-analyses.
Although meta-analyses of genetic associations account for only a small proportion of publications on gene-disease associations, they have proliferated rapidly from only 29 in 2001 to 1,606 in 2013. During that time, the genetic association research strategy shifted focus from candidate gene studies that evaluated 1 or a few polymorphisms to GWAS for the discovery of new candidate genes; recent years have seen an increase in studies of rare variants in both common and rare diseases. Meta-analyses remain relevant to all of these approaches; however, ongoing concerns about their quality raise questions about their contribution to the field (11, 12) . The editors of PLOS ONE recently cited these concerns when outlining a new policy regarding meta-analyses of genetic association studies submitted for publication (13) . Authors of such manuscripts must provide a rationale for the metaanalysis, including relevant context; refer to relevant GWAS and indicate whether they are included in the analysis; and document that methodological points have been addressed, using a checklist based in part on earlier guidelines (7, 8, 10) .
The publication of duplicate meta-analyses has become an issue in human genome epidemiology, as well as in other fields (14) . Although some independent replication is useful, unnecessary redundancy is wasteful. A 2013 editorial in the BMJ stated that systematic reviews "should identify existing reviews as a compulsory first step" (15, p. 1), adding further clarity to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement, which asks authors of systematic reviews and meta-analyses to "describe the rationale for the review in the context of what is already known" (16, p. 4) .
For meta-analyses of genetic associations, this context should include both candidate gene analyses and relevant GWAS. Integrating results from these 2 approaches is not always straightforward because their goals are somewhat different: GWAS search for new associations (assuming uniformly low prior probability), whereas candidate gene analyses examine associations suggested by knowledge of biological pathways or other prior information. The single nucleotide polymorphism markers examined in GWAS, particularly in earlier studies, may not include candidate functional variants, and imputation is not always possible (17) . Because GWAS publications tend to report only statistically significant associations, meta-analyses limited to published data may omit relevant negative GWAS findings.
Few studies have systematically compared the results of GWAS and candidate gene association studies of a specific phenotype. One systematic review of genetic associations with cancer calculated the false positive reporting probability for each association, given either of 2 levels of prior probability (0.001 or 0.000001) and odds ratio (1.2 or 1.5) (18) . This analysis applied a threshold of false positive reporting probability of 0.2 or less to identify 163 unique associations reported from GWAS and 66 reported from candidate gene analyses; only 27 (13%) of all associations were reported in both groups, usually with similar effect sizes. The increasing use of high-resolution microarrays and sequencing approaches in GWAS should enable more direct comparisons with studies of candidate gene variants.
Methods for integrating results from different types of studies and for establishing appropriate significance thresholds are needed to support the use of meta-analysis in human genome epidemiology (19) . Sound meta-analyses of genetic associations are fundamental to higher-level epidemiologic synthesis, such as in field synopses that summarize all wellestablished genetic associations with a specific disease (20) . Poorly conducted, incomplete, or redundant meta-analyses create noise, undermining rather than improving our ability to detect genetic signals in epidemiologic studies.
The AJE endorses and extends the PLOS ONE approach to setting basic standards for meta-analyses of genetic associations, including HuGE reviews. Any such manuscript submitted to the Journal must describe the rationale for conducting the review in the context of related publications. The manuscript should also provide full methodological details, including whether and how GWAS or other agnostic (e.g., sequencing) data have been incorporated (see Appendix). We ask authors who submit a meta-analysis of genetic associations to document that they have supplied all the necessary methodological information by completing the checklist that is available online in the Web Appendix (available at http://aje.oxfordjournals.org/). Editors of the Journal will evaluate the information supplied by the authors when deciding whether to forward HuGE review manuscripts for peer review. Reviewers of meta-analyses will be encouraged to use information supplied in the checklist to evaluate methodological quality.
As advances in genomic and other omic technologies continue to reveal the complexity of human genetic variation in increasing detail, epidemiologists can help researchers, health-care providers, and policymakers keep their eye on the ball. Without population-based evidence-summarized in efficient, high-quality meta-analyses-we won't know whether, how, or how much genomic information has the potential to improve population health.
